Study of some specific and non-specific immune responses of grass carp (C. idella) to Aeromonas hydrophila and in the present of organophosphate, diazinon by Soltani, Mehdi et al.
                                                
  
        
                                                      
SDS-PAGE
LC
LC50-96h
                                                     
                                                     
  
           
MINISTRY OF JIHAD - E - AGRICULTURE 
AGRICULTURE RESEARCH AND EDUCATION ORGANIZATION 
IRANIAN FISHERIES RESEARCH ORGANIZATION- Caspian Sea Ecology Research 
Center           
Study of some specific and non-specific 
immune responses of grass carp (C. idella) 
to Aeromonas hydrophila and in the present 
of organophosphate, diazinon       
Executor :  
Mehdi Soltani      
85.642 
     
                                                                                                                                                                                                                                                        
               
Ministry of Jihad  e  Agriculture  
Agriculture Research and Education Organization  
IRANIAN  FISHERIES  RESEARCH  ORGANIZATION Caspian Sea Ecology Research Center  
Title : study of some specific and non-specific immune responses of grass carp (C. idella) to 
Aeromonas hydrophila and in the present of organophosphate, diazinon  
Approved Number :78-0710436000-08 
Author: Mehdi Soltani 
Executor : Mehdi Soltani 
Collaborator :R. Pourgholam, I. Sharifpour, H. Bagheri, A. Zahedi, R. Nazari, M. Yousefian, 
H. Lotfinejad, M. Ainabadi, A.A. Saeidi, H. Ghadirnejad  
Advisor : M. Sharif, M. Hassan 
Location of execution : Mazandaran 
Date of Beginning : 2000 
Period of execution : 3 years 
Publisher : Iranian Fisheries Research Organization  
Circulation : 15 
Date of publishing : 2007  
All Right Reserved . No Part of this Publication May be Reproduced or Transmitted 
without indicating the Original Reference
 
 LC50
mg/L
mg/L
 Alam
LC50
LC50
P>0.050Luskova
P>0.50
ToorKaur
Sancho
LC50
 Ansari
DNARNAZebrafish
BeheraRBCWBC
MCVMCHC
mg/Lmg/L
 Goat IgGSigmamg
cmG150
Tris-HcL 25mMMNaClpHml
mlnm
SDS-PAGE
Smithmlanti-mouse IgG agaruse beads
mmmlpHPBS 0.01ml
ml0.1 MpH=11ml 150PBS
mlmlPBS
mbeadsml PBS
 mlmlM
pH PBS
PBS
G150DEAE cmpHTris - Hcl 25mMTris  HCl
mMml
mM
SDS-PAGE 
Lameli
ResolvingSracking
7725
KD
KD
 KD
mg/ml
G150ml
AA-BBPBSC
C-D
 1       2        3       4       5       6        7       8
SDS-PAGE
IgM
                           
     270 KD
68 
KD
      480 KD 
                                                                                            1    2    3 
             4     5     6     7     8     9    10   11   12   13  14
SDS-PAGE
270 KD 
      490 KD
6
 Maccidal Ec600
LC50
pHmgLl
mg/Lmg/L
mg/L
 g/Lit
LC50
LC50-96h
LC50
LC50
LC5LC10 LC50P Value
OECD , Probit analysis
mg/ml
RBC
PCVMCHWBC
 Klont
ASTALPALT
LDH
EPOS 5060
ANOVA
PBS
LC90, LC50, LC1024
 LC90, LC50,LC10
mg/L 
LC10 
LC50 
LC90 
MCHC, Hb, PCV, RBCP<0.05.
WBC
P>0.05
LDH,ALP,AST
P<0.05ALT
p<0.05
p>0.05
dmg/L
 mg/LpH 
CO2
IU
 AST,ALP,ALTLDH
<1gr
PBSPBS 0.004M, 
pH=6/2
g
Ellis
nmPBS
PBS
Mathews
 Lumistra BMG
PBSPBS
SPSS, ANOVA
P=0.05
mg/Lmg/L
mg/L
P<0.05mg/L
Hb
mg/L
P<0.05WBC
mg/L
P<0.05
MCH
P<0.05WBCRBC
 mg/L
mg/Lmg/L
WBCRBCmg/L
P<0.05.
mg/L
P>0.05
WBC 
p<0.05
AST, ALP, ALPLDHP>0.05
 ALP, AST ALTALT AST
ALPP<0.05LDH
mg/LP<0.05.ASTmg/L
LDH
P>0.05.
ALTAST
P<0.05LDH
P>0.05.ALPmg/L
p<0.05.
ASTALPLDHP<0.05
AST
 P>0.05.
ALTALPP<0.05
ASTmg/LLDH
EP>0.05
p<0.05
P<0.05
P<0.05
P>0.05
P<0.05
 TSA
TSB
cell/ml
mg/L
 EDTA
LDH, AST, ALD, ALP
IgM
Igmml
ml
ml
 Roberson
Arkoosh
pH
IgM
Goat-anti-rabbit HRPIgG
nmstar fax 2100
 cell/ml
mg/L
mg/L
cell/ml
ANOVAP=0.05
 HbMCVMCHCMCHRBC
HCT
ALTAST
ALPLDH
HCTHbMCVWBC
RBC
MCHMCHCALTALP
ASTLDH
HCTHbMCHC
MCVWBCRBC
MCHASTALP
LDH
RBC, WBC, MCH, Hb
HCTLDH, ALT, 
ALPDH
WBC, MCH, MCV, Hb, HCTRBC
 MCHC
ALTLDHASTALP
P<0.1
 P=0.5
 BozzolaRussellSEM
RobardsWillsonTEM
 (TEM)
TEM
mg/Lmg/L
 mg/LH & E
mg/LH & E
mg/LH & E
C 
 (DI)
mg/L
H & E
mg/LH 
& E
mg/LH & E
 mg/L
H & E
mg/LH & E
mg/LH & E
 baH & E
mg/L
TEM
mg/L(EC)m
a 
b 
            
                                A                                                               B                            
(A)TEM
(B) (NN)
      
     
                                                                    
A                                                                     B                           
(A)
mg/L(B)
PN 
PN 
C 
C 
           
A                                                                   B 
         
                C                                                                   D                                 
DC
BA
                   
                                      A                                                                          B 
       
                    C                                                                  D 
mg/LD
CBA
           
                          A                                                                             B   
               
               C                                                                  D 
BA
DCDCBA
                   
                                   A                                                                          B  
             
 
                                  C                                                                           D 
mg/LBA
DCDC
BA
 1975Clem et al.,
1985Elcombe et al.,Lobb et al., 1981Buchmann
mg/ml
mg/ml
Vilian et al.,1984 
LC50
SvobodaLC50mg/L
LC50Carassius auratusBrachydanio rerio
Eisler, 1986, Kaizel et al., 1991.
Oh
LC50
 CLC50 
Sovoboda 
mg/L
WBC,MCHC,Hb,RBC,PCV
PCV,Hb,RBCSvoboda
MCHC,MCV
Anees , 1978 , Khattak, Hafeez,1996,Tavares et al., 1999.
Svaboda
WBC
Svabodova et al., 1996, Alkahem 1994, Thakwr Sahai 1993ALP, AST, LDH
SastryLuskevaLDH
Chamma punctataGill
CeronSanchoLDH
LDH
LuskovaALP
AST
 ALT
Cerom
Luskova
Khahal et al., 1996, Luskova et al., 2002)
RBCHb
mg/LMCH
EislerAnees
WBC
LC50
Svoboda et al., 1983
DarbalMagdy et al., 1992;
Graig et al., 1963
Hughes et al., 1997
 Alkabem 
1994, Chakrabarty et al. 1988Svaboda et al 2001
Ellis
Sastry et al., 2002Luskova
Mikriakov
Mikryakov
Mock et al., 1990
Mock
 mg/L
mg/L
mg/L
mg/L
WBC, RBC, 
MCHC, MCH, Hb, HCT
RBC
 mg/L
 (Dutta et al, 1993)
 WBC, RBC, MCHC, MCH, Hb, 
HCT
mg/L
 ISI
 Abel, P.D. 1976. Toxic action of several lethal concentrations of anionic detergent on the gills of the brown trout 
(Salmo trutta L.), J. fish Biol. 9: 441-446.  
Alam, M.A. and Maughan, O.E. 1992.The effect of malathion, diazinon, and various concentrations of zinc, 
copper, nickel, lead, iron and mercury on fish. Biol. Iraq Elem. Res., 34: 225- 236. 
Anderson, D.P. and Zeeman, M.G. 1995. Immunotoxicology in fish, In: Rand GM , ed, 
Fundamentals of Aquatic Toxicology: Effects , Environmental Fate , and Risk Assessment ,2nd 
ed.Taylor & Francis, Washington, DC, USA, pp: 371- 404. 
Anderson, R.S. (1993) Modulation of nonspecific immunity by environmental stressors. IN: 
Pathobiology of Marine 
and Estuarine Organisms. Couch, J.A. and Fournie J.W. (eds). Boca Raton, Fla.: CRS Press, 
pp.483-510. 
Bailey, H.C., Deanovic, L., Reyes, E., Kimball, T., Larson, K., Cortright, K., Conner, V., Hinton, D. 
E. 2000. Diazinon and chlorpyrifos in urban waterways in northern California, USA. Environ. 
Toxicol. Chem. 19 (1): 82-87.  
Bailey, H.C., Miller, J.L., Miller, M.J., Wiborg, L.C., Deanivic, L. and Shed, T. 1997. Joint acute 
toxicity of diazinon and chlorpyrifos to Ceriodaphnia dubia. Environ. Toxicol. Chem, 16: 2304 
2308. 
Bozzola, J.J. and Russell, L.D. 1999. Electron microscope, 2ed Ed. Janes and Bartleit, London. 
Bradford, M.M. (1976) A rapid and sensitive method for the quantitation of microgram quantities of 
protein utilizing the principle of protein-dye binding. Anal. Biochem., 72:248-254. 
 Buchmann, K., Ostergaaard & L. Glamann, J. (1992) Affinity purification of antigen-specific 
serum immunoglobulin from the European eel (A. anguilla). Scand. J. Immunol., 36:89-97. 
Charles & D. Rice C.D. (2001) Fish immunotoxicology , understanding mechanisms of action. In: 
Target Organ  
Toxicity in Marine and Freshwater Teleosts , volume Z- systems; Edited by: Daniel Schlenk & 
William H. Benson, 97-108. 
Clem, L.W.& McLean, W.E. (1975)Phylogeny of immunoglobulin structure and function. VII. 
Monomeric and tetrameric immunoglobulin of the margate, a marine teleostfish. Immunology,29:791-799. 
Corbel, M.J. (1975) The immune response in fish: a review. J. Fish Biol. 7:539-563.  
Du Pasquier, L. (1982) Antibody diversity in lower vertebrates- why is it so restricted? Nature,296:311-313. 
Cross, F.A., Peters, D.S. and Schaaf, W.E. 1985. Implication of waste disposal in coastal waterson 
fish population. American Society for Testing and Material Special Technical Publication: 854, 383- 399. 
Dutta M.H., Richmonds C.R. and Zeno, T. 1993. Effects of diazinon on the gills of bluegill sunfish 
Lepomis macrochirus J.of Environ. Pathology Toxicology and Oncology, 12 (4): 219-227. 
Eisler, R. 2000. Hand book of chemical risk assessment, health hazards to humans, plants and animal, Vol. 
2, Organics, Lemis publishers, pp: 961 982. 
Elcombe, B.M., Chang, R.J., Taves, C.J. & Winkelhake, J.L. (1985) Evolution of antibody structure 
and effector functions: comparative hemolytic activities of monomeric and tetrameric IgM from 
rainbow trout, S. gairdneri. Comp. Biochem. Physiol.., 80B:697-706. 
Ellis A. E. (1990) . Lysozyme Assays . Techniques in Fish Immunology, 101-103.  
Estevez,  J., Leiro, J., Sanmartin, M.L. & Ubeira, F.M.. (1993) Isolation and partial characterization 
of turbot (S. maximus) immunoglobulins. Comp. Biochem. Physiol., 105A: 275-281. 
Fange, R, (1984). Lymphomyeloid tissues in fishes. Vidensk. Meddor. Dansk. Naturh. Foren., 145: 
143-162. 
Fange, R. (1986) Lymphoid organs in sturgeons (Acipenseridae). Vet. Immunol. Immunopathol., 12: 153-161. 
Fletcher, T.C. & White, A. (1976) The lysozyme of the plaice Pleuronectes platessa L. 
Comparative Biochemistry and 
Physiology 55B: 207- 210. 
Florensov V.A. and Pestova I.M.(1990) Manual of Evolutionary Immunomorphology. Irkutsk state 
University, Irkutsk.pp. 72-75. 
Fuda, H., Soyano, K., Yamazaki, F. & Hara, A. (1991) Serum immunoglobulin M (IgM) during 
early development of masu salmon (O. masou). Comp. Biochem. Physoiol., 99A:637-643. 
Gallin, J..I. (1982). Role of neutrophil lysosomal granules in the evolution of the inflammatory 
response. In: phagocytosis past and future (Karnovsky, M.L. & Bolis, L., eds), pp. 519-541. 
Goldstein, I.M., Hoffstein, S.T. & Weissmann, G.(1975) Mechanisms of lysosomal enzyme release 
from human 
polymorphonuclear leucocytes. Journal of Cell Biology 66, 647-652. 
Grinde, B. (1988) Lysozyme from rainbow trout, Salmo gairdneri Richardson, as an antibacterial 
 agent against fish 
pathogens. J. Fish Diseases, 12: 95 - 104. 
Grinde B., Lie O., Poppe T. & Salte R. (1988) Species and individual variation in lysozyme activity 
in fish of interest in aquaculture. Aquaculture 68, 299-304. 
Hamm, J.T., Wilson, B.W. and Hinton, D.E. 1998. Organophosphate induced acetylcholine esterase 
inhibition and embryonic retinal cell necrosis in vivo in the teleost (Oryzias latipes). 
Neurotoxicology, 19 (6): 853 - 870. 
Havarstein, L.S., Aasjord, P.M., Ness, S. & Endresen, C. (1988) Purification and partial 
characterization of an IgM-like immunoglobulin from atlantic salmon (S. salar) . Dev. Comp. Immu., 12: 
773-785. 
Ingram, G.A. (1980) Substances involved in the natural resistance of fish to infection a review. 
Fish. Biol. 16: 23-60. 
Itami, T., Takchara, A., Nagano, Y., Suetsuna, K., Mitsutani, A., Takesue, K. and Takahashi, Y. 
(1992) Purification and 
characterization of lysozyme from an ayu skinmucus. Nippon Suisan Gakharshi, 58 : 1937-1944. 
Jago, H. and Haines, T.A. 1983. Alterations in gill epithelial morphology of yearling Sunapee trout 
exposed to acute acid stress. Tran Amer Fish Soc 112: 689-695. 
Kabir, S.M. and Begum, R. 1978. Toxicity of three organophosphorus insecticides to Singhi fish 
Heteropneustes fossilis (Bloch). Dhaka Univ. Stud. B 26: 115-122. 
Karegar, R., Payghan, R. and Jahanshahi, A.A. (1996) Isolation of reovirus from grass carp in 
Khozestan province, Pajohesh and Sazandegi, 33: 104-105. 
Keizer, J., De agostino, G., Vittozzi, L. 1991. The importance of biotransformation in the toxicity of 
xenobiotics to fish. 1. Toxicity and bioaccumulation of diazinon in guppy (Poecilia reticulata) and 
zebra fish (Brachydanio rerio). Aquat. Toxicol. 21: 239-245. 
Keizer, J., De Agostino, G., Nagel, R., Gramaenzi, F. and Vittozzi, L. 1993. Comparative diazinon toxicity 
in guppy and zebra fish: Different role of   oxidative metabolism, Environ. Toxicol. Chem.12: 1243-1250. 
Keizer, J., Agostino, G.D., Nagal, R., Volpe, T., Gnemi, P., and vitozzi, L. 1995. Enzymological differences of 
AchE and diazinon hepatic metabolism; correlation of in vitro data with selective toxicity of diazinon to fish 
species. The science of the Total Environ, 171: 213-220.Khalaf-Allah, S.S. 1999. effect of pesticide water 
pollution on some hematological, biochemical and immunological parameters in Tilapia nilotica fish. Deuts- 
Tierarztliche - Wochenschrift. 106 (2): 67 - 71. 
Klaassen, C.D. and Warkins, J.B. 1984. Mechanisms of bile formation, hepatic uptake, and biliary excretion. 
Pharmacological Reviews 36, 1-67. 
Kozinenko, I.I., Isaeva N.M., Balakhnin, I.A. (1999) Humoral factors of nonspecific defense of 
fish. J. Problems of Ichthiology, 39 (3): 394- 400. 
Kofod, H., Pedersen, K. Larsen L. & Buchmann, K. (1994) Purification and characterization of IgM-like 
immunoglobulin from turbot (S. maximus). Acta. Vet. Scand., 35:1-10. 
Lameli, U.K. (1970) Cleavage of structural proteins during the assembly of the head of bacteriophage T4. 
Nature, 227: 680. 
Lloyd, P. E. (1993) Purification and characterization of high molecular weight and low molecular weight 
immunoglobulins from the serum of the dogfish (S. canicula) and the identification of antibody forming tissues. 
Int. J. Biochem., 25: 1823-1833.  
Lobb, C.J. & Clem, L.W. (1981) Phylogeny of immunoglobulin structureand function. XI Secretory 
immunoglobulins in the cutaneus mucus of the sheep shead, Archosargus probatocephalus. Dev. Comp. Immun., 
5:587-596. 
Lobb, C.J. & Olson, M.O.J. (1988) Immunoglobulin heavy H chain isotypes ina teleost fish. J. Immun., 
141:1236-1245. 
Marc, A.M., Quentel, C., Severe, A., Le Bail, P.Y. and Boeuf, G. (1995) Changes in some endocrinological and 
non-specific immunological parameters during seawater exposure in the brown trout. Journal of Fish Biology 46: 
1065-108.  
Marchalonis, J.J. & Schluter, S.F. (1990) Origins of immunoglobulins and immune recognition molecules. 
Bioscience, 40:758-768.  
Mathews, E.S., Warinner, J.E. & Weeks, B.A. (1990) Assay of immune function in fish macrophages, In: Stolen, 
J.S., Fletcher, T.C., Anderson, D.P., Roberson, B.S., vn Muiswinkel, W.B. (esd) Techniqes In Fish Immunology, 
SOS Publication, 2:155-163. 
Mikryakov V.R. and Lapirova T.B. (1997). Influence of salts of some heavy metals on picture of white blood 
cells of Siberian sturgeon fingerling Acipenser baeri Brandt.J. Problems of Ichthyology, 37(4): 538-542. 
Mikryakov V.R, Lapirova T.B., Soltani, M., Mavrin A.S. and Vinogradov G.A. (2002) Influence of sublethal 
concentrations of some heavy metal salts (Hg, Cd and Cu) on the contents of lysozyme in tissues of sturgeon 
fingerlings (Acipenser baeri). Bull. Eur. Ass. Fish Pathol., 22 (1):10. 
 Mock, A. and Peters, G. (1990) Lysozyme activity in rainbow trout, Oncorhynchus mykiss (Walbaum), stressed 
by handling transport and water pollution. Journal of Fish Biology 37: 873-885. 
Murray, C.K., Fletcher, T.C. (1976) The immunohistochemical localization of lysozyme in plaice (Pleuronectes 
platessa). Tissue. J. Fish Biol. 9: 329 - 334. 
Sanchez, C. & Dominguez, J. (1989) Immunoglobulin heterogeneity in the rainbow trout. J. Fish Dis., 12:459-
465. 
Oystein L., ? ystein E., S? rensen A., Fr? ysadal E . (1989) Study on lysozyme activity in some fish species, 
Diseases of Aquatic Organisms, Vol.6: 1- 5.  
Paulsen, S.M.; Engstad, R.E.; Robersten, B. (2001) Enhanced lysozyme production in Atlantic Salmon (Salmo 
salav L.) macrophages treated with yeast -glucan and bacterial lipopolysacharide, Fish & Shellfish 
Immonology, 11:23 -37. 
Rice. C.D. and Weeks, B.A. (1990) Influence of tributyltin on in vitro activation of oyster toadifish 
macrophages. Journal of Aquatic Animal Health 1: 62- 68. 
Rijkers, G.T. (1982) Non-lymphoid defense mechanisms in fish. Dev. Comp. Immun. 6:1-13. 
Scott, A.L. & Klesius, P.H. (1981) Chemilumiescence: A novel analysis of phagocytosis in fish: Inf 
Deveelopments in Biological Sstandardization,  Vol. 49  Fish Biologies: Serodaignostics and Vaccines. 
(Anderson D.P. and Hensnesen W.,eds), Basel: Krager, pp. 243-256. 
Siwicki A. and Studnicka M. (1987) The phagocytic ability of neutrophils and serum lysozyme activity in 
experimentally infected carp , Cyprinus carpio L. J. Fish Biol. 31 (Supplement A), 57- 60. 
Stave, J.W. & Roberson, B.S. (1985) Hydrocortisone supresses the chemiluminescence response of striped bass 
phagocytes. Developmental and Comparative Immunologgy, 9:77-84. 
Studnicka, M., Siwicki, A. & Ryka, B. (1986) Lysozyme level in carp (Cyprinus carpio L.), Bamidgeh 1: 22 -25. 
Sanchez, C. & Dominguez, J. (1991) Trout immunoglobulins differing in light chains revealed by monoclonal 
antibodies. Molecular Immu., 28: 1271-1277. 
Sancho, E., Ferrando, M. D., Andreau, E., Gamon, M. 1993, Bioconcentration and excretion of diazinon by 
eel. Bull. Environ. Contam. Toxicol. 50: 578-585. 
Sancho, E., Ferrando, M. D., Andreau, E. 1997. Sublethal effects of an organophosphate insecticide on the 
European eel, Anguilla anguilla. Ecotoxicol. Environ. SCI. Health B 27 (2): 209 - 221. 
Sheipline R. 1993, Background information on nine selected pesticides. California Regional Water Quality 
Control Board, Sacramento, CA, USA 
Skidmor, J.f. and Tovel, P.W.A., 1972. Toxic effects of zinc sulphate on the gills of rainbow trout. Wat. Res. 
6: 217-230. 
Smith, S.A. (1992) Affinity purification of serum immunoglobulin from fish. In: Stolen, J.S., Fletcher, T.C., 
Anderson, D.P., Kaattari, S.L. & Rowely, A.F. (eds) Techniques in Fish Immunology, pp.125-127. 
Soltani, M.b& Rabani, M. (1999) Evaluation of indirect immunofluorescent antibody technique for detection 
of Vibrio anguillarum and Aeromonas hydrophila infections in fish and prawn farmings in Iran. J. Faculty 
Vet. Med., 54:72-79. 
Svoboda, M., Luskova, V., Drastichova, J. and Zolabek, V. 2001. The effect of diazinon on hematological 
indices of common carp (Cyprinus carpio).Acta Vet. BRNO, 70: 457 - 465. 
Talebi, Kh. 1998: Diazinon residues in the basins of Anzali lagoon, Iran. Bull. Environ. Contam. Toxicol,   
61: 477 - 483. 
Tsuda, T., Aoki, Sh., Kojima, M. and Harada, H. 1990. Bio concentration and excretion of diazinon, IBP, 
malahion and feritrothion by carp. Comp. Biochem. Physiol. 96C (1): 23 - 26. 
Tsuda, T., Kojima, M., Harada, H., Nakajima, A., Aoki, S. 1997. Acute toxicity, accumulation and excretion 
of organophosphorus insecticides and their oxidation products in killifish. Chemosphere 
35: 939-949. 
Vilain, C., Weteel, M.C., Du-Pasquier, I. and Charlemagne, J. (1984) Structural and functional analysis of 
spontaneous anti-nitrophenyl antibodies in three cyprinid fish species: carp (Cyprinus carpio), goldfish 
(Carassius auratus) and tench (Tinca tinca).Dev. Comp. Immunol., 8:611-622. 
Warr, G.W. (1983) Immunoglobulin of the toadfish (S. glaber).  Comp. Biochem. Physiol., 76:507 -514. 
Whittington, R.J. (1993) Purification and partial characterization of serum immunoglobulin of the European 
perchn (P. fluviatilis) Fish and Shellfish Immun., ..:331-341.. 
Weeks, B.A,. & Warinner, J.F. (1984) Effects of toxic chemicals on macrophage phagocytosis in 
two estuarine fishes. Marine Environmental Research, 24:327-335. 
Wishkovsky, A., Mathew, E.S. & Weeks, B.A. (1989) Effect of tributlyin on the chemiluminescent   
response of 
phagocytes from three species of estuarine fish. Archeves of Environmental Contamination 
Toxicology, 18:826-831. 
Zapata, A.G., Chiba, A. and Varas, A. (1996) cells and tissues of the immune system of fish. In: 
Iwama, G. and 
Nakanishi, T. (eds)  The fish Immune system. Academic Press, SD, pp 18 -19 and 31-36. 
              
  
mg/LC
0.000 0.04300 
36.238 
0.2074 
6.0198 
33.3600+2.000
20.6667+1.121 
5
15 
% HT 
0.000 0.110 
0.131 
0.3315 
0.3621 
8.8240+2.000 
4.4600+1.121 
5
15
 l
g/100ml HB 
0.106 0.1622 
0.00000003473
0.000008 
0.000055 
0.000166+2.000 
0.000200+1.121 
5
15
M3 MCV 
0.927 1.913E-11 
8.447E-11 
0.000004 
0.000013 
0.000044+2.000 
0.000044+1.121 
5
15
pg MCH 
0.052 1.313 
23.107 
1.1459 
4.8070 
26.4600+2.000 
21.8600+1.121 
5
15
% MCHC 
0.000 0.02300 
0.06124 
0.1517 
0.2475 
2.0600+2.000 
0.1517+1.121 
5
15
x10/mm3 RBC 
0.000 230750.00 
734523.81 
480.3644 
857.0436 
7320.0000+2.000 
3116.6667+1.121 
5
15
/mm3 WBC 
0.000 2.700 
4.381 
1.6432 
2.0931 
87.8000+2.000 
82.3333+1.121 
5
15
% LYM 
0.000 2.700 
4.552 
1.6432 
2.1336 
4.2000+2.00 
8.8667+1.121 
5
15
% HET 
0.340 1.200 
2.352 
1.0954 
1.5337 
3.2000+2.000 
3.9333+1.121 
5
15
% NEU 
0.004 0.300 
1.495
0.5477 
1.2228 
2.4000+2.000 
4.2667+1.121 
5
15
% MYELO 
0.000 0.300 
0.381 
0.5477 
0.6172 
2.4000+2.00 
0.6667+1.121 
5
15
% MONO 
 mg/LC
u/lAST 
u/l ALP 
u/l ALT 
u/l LDH 
mg/dl CHO 
mg/dl TRIG 
mg/dl GLU 
mg/dl TP 
 .
 (ppm) 
PCV ( % ) 4 4 30.75 0.917 0.4787 
2 4 27.50 4.33 1.0408 
1 4 38.75 2.917 0.8539 
2 32.00 32 4.0000 
Hb (g/100ml) 4 4 7.60 7.33E-02 0.1354 
2 4 6.97 0.136 0.1842 
1 4 8.77 4.25E-02 0.1030 
2 8.15 2.645 1.1500 
MCV ( m³ ) 4 4 0.000173 2.5E-11 0.0000 
2 4 0.0002 2.86E-09 0.0000 
1 4 0.000223 2.5E-11 0.0000 
2 0.00017 4.5E-10 0.0000 
MCH (pg) 4 4 0.000043 1.66E-12 0.0000 
2 4 0.000051 2.049E-0 0.0000 
1 4 0.00005 7.5E-12 0.0000 
2 0.000042 1.25E-11 0.0000 
MCHC ( % ) 4 4 24.71 0.147 0.1915 
2 4 25.40 0.445 0.3333 
1 4 22.66 0.289 0.2687 
2 25.41 0.344 0.4150 
WBC (/mm³) 4 4 9250.00 16666.67 64.549 
2 4 8400.00 951666.7 487.70 
1 4 9400.00 11666.67 54.001 
2 14000.00 6480000 1800.0 
RBC(1x106) 4 4 1.79 4.4403 0.0331 
2 4 1.66 1.68E-02 0.0648 
1 4 1.75 1.66E-02 0.0645 
2 2.30 2.00E02 0.1000 
Hetrocyte (%) 4 4 12.50 1.667 0.6454 
2 4 12.00 14 1.8708 
1 4 31.75 3.58 0.9468 
2 21.50 4.5 1.5000 
Neutrophil(%) 4 4 20.50* 1.667 0.6454 
2 4 35.50 * 6.33 1.2583 
1 4 9.00 7.33 1.3540 
2 3.00 2 1.0000 
Lymphocyte (%) 4 4 63.25 .917 0.4787 
2 4 48.00 * 8.667 1.4719 
1 4 55.00 * .667 0.4082 
2 66.50 .5 0.5000 
Myelocyte (%) 4 4 3.00 2 0.7071 
2 4 2.00* 4.667 1.0801 
1 4 2.25 .25 0.2500 
2 5.00 0 0.0000 
Monocyte (% ) 4 4 0.75 * .917 0.4787 
2 4 2.50 3.667 0.9574 
1 4 2.00 * .667 0.4082 
2 4.00 0 0.0000 
   
2 4 23.750 1.58 0.629153 
1 4 35.500 1.667 0.645497 
2 25.500 4.5 1.500000 
Hb (g/100ml) 4 4 8.0500 * 1E-02 0.05000
2 4 5.8750 0.229 0.239357 
1 4 7.5000 * 0.167 0.204124 
2 6.0000 0 0.000000 
MCV ( m³ ) 4 4 0.0002 2.067E-02 0.0000223 
2 4 0.0001 8.25E-10 0.0000146 
1 4 0.0002 6.917E-10 0.0000135 
2 0.0001 4.500E-10 0.000015 
MCH (pg) 4 4 0.00004 9.667E-11 0.0000041 
2 4 0.00004 3.825E-11 0.0000030 
1 4 0.00017 5.641E-08 0.0001188 
2 0.000044 7.200E-11 0.0000060 
MCHC ( % ) 4 4 24.6575 2.315 0.760782 
2 4 24.7300 1.678 0.647740 
1 4 21.1675 2.942 0.857626 
2 23.6100 3.864 1.390000 
WBC (/mm³) 4 4 13712.50* 2003958.33 707.80618 
2 4 12237.5* 533958.33 365.36226 
1 4 10550.00* 123333.33 175.59423 
2 7400.000 45000 150.00000 
RBC(1x106) 4 4 1.525000 8.917E-02 0.149304 
2 4 1.4050 4.277E-02 0.103401 
1 4 1.38250 7.892E-03 0.04442 
2 1.7000 2E-02 0.1000 
Hetrocyte% 4 4 34.25000 2.917 0.853913 
2 4 54.7500* 4.91778 1.108678 
1 4 41.250000 4.917 1.108678 
2 32.50000 4.5 1.500000 
Neutrophil % 4 4 6.750000 .917 0.478714 
2 4 8.500000 3.667 0.957427 
1 4 10.7500* 2.917 0.853913 
2 4.500000 .5 0.500000 
Lymphocyt% 4 4 54.25000 5.583 1.181454 
2 4 33.5000* 1.667 0.645497 
1 4 45.0000* 8.667 1.471960 
2 60.5000 .5 0.500000 
Myelocyt (%) 4 4 3.75000 6.917 1.314978 
2 4 2.0000 2 0.707107 
1 4 2.0000 0 0.000000 
2 1.50000 .5 0.500000 
Monocyte % 4 4 1.0000 1.333 0.577350 
2 4 1.7500 1.583 0.629153 
1 4 1.0000 0.667 0.408248 
2 1.0000 0.00 0.000000 
  (ppm) 
PCV ( % ) 4 4 34.0000 1.667 0.408248 
2 4 25.0000 7.583 1.581139 
1 4 24.7500 8 0.629153 
2 30.5000 .5 0.500000 
Hb (g/100ml) 4 4 8.8750 5.667E-02 0.06292 
2 4 6.67500 0.167 0.268871 
1 4 6.97500 1.583E-02 0.06292 
2 8.85000 .125 0.05000 
MCV ( m³ ) 4 4 0.000194 1.641E-09 0.0000022 
2 4 0.000148 4.905E-09 0.0000091 
1 4 0.000163 7.27E-10 0.0000074 
2 0.000197 0 0.0000030 
MCH (pg) 4 4 0.00005.* 8.867E-11 0.0000006 
2 4 0.000035* 5.700E-11 0.0000015 
1 4 0.000046* 1.043E-10 0.0000020 
2 0.000057 5E-13 0.0000015 
MCHC ( % ) 4 4 26.10750 0.571 0.139127 
2 4 26.82250 1.720 0.655380 
1 4 28.22250 6.677 0.547211 
2 29.02000 .490 0.310000 
WBC (mm³) 4 4 7925.00 * 40625 47.871355 
2 4 9950.00 * 594400 542.37134 
1 4 8742.500* 102291.667 2529.9650 
2 5050.0000 1250 50.000000 
RBC(10X106) 4 4 1.6625 * 1.789E-02 0.02887 
2 4 1.600 * 5E-03 0.02799 
1 4 1.1975 * 6.069E02 007773 
2 3.850 5E-03 0.05000 
Hetrocyte% 4 4 25.25000 4.33 0.629153 
2 4 45.75000* 9.667 2.015564 
1 4 33.50000 0.917 1.322876 
2 10.50000 4.5 0.500000 
Neutrophil ( % 4 4 3.25000* 2.25 0.250000 
2 4 1.50000 1.667 0.957427 
1 4 1.0000 2.917 0.000000 
2 1.50000 0 0.500000 
Lymphocyte% 4 4 69.25000 3.33 0.478714 
2 4 51.7500* 11.667 2.393568 
1 4 65.2500 1.667 1.250000 
2 85.5000 2 0.500000 
Myelocyte (%) 4 4 1.0000 0.333 0.000000 
2 4 0.2500 1 0.250000 
1 4 0.0000 0 0.000000 
2 1.0000 0 0.138675 
Monocyte% 4 4 1.0000 0.25 0.000000 
2 4 0.75000 0.25 478714 
1 4 1.2500 0.333 0.250000 
2 1.5000 .5 0.500000 
  
 (ppm)) 
PCV ( % ) 4 4 34.250000 0.917 0.478714 
2 4 27.500000 15 1.936492 
1 4 28.250000 11.583 1.701715 
2 34.000000 0.00 0.000000 
Hb (g/100ml) 4 4 9.02500 2.5E-03 0.02500 
2 4 8.375000 0.676 0.411045 
1 4 8.200000 0.600 0.387298 
2 10.000000 0.00 0.000000 
MCV ( m³ ) 4 4 0.00018 1.825E-11 0.0000021 
2 4 0.0001735 4.510E-10 0.0000106 
1 4 0.0001353 1.366E-09 0.0000188 
2 0.0001435 1.25E-11 0.0000025 
MCH (pg) 4 4 0.0000499 2.250E-14 0.0000000 
2 4 0.000052* 9.307E-12 0.0000012 
1 4 0.0000390 9.267E-11 0.0000048 
2 0.0000 5.00E-13 0.0000005 
MCHC ( % ) 4 4 26.3625* 0.464 0.340621 
2 4 30.630000 6.144 1.239314 
1 4 29.117500 3.101 0.880477 
2 30.440000 4.5E-02 0.150000 
WBC (/mm³) 4 4 7900.0000 6666.667 40.824829 
2 4 5087.500* 443958.33 333.15099 
1 4 8420.0000 89266.667 149.3876 
2 7825.0000 1250 25.00000
RBC(10X106) 4 4 1.802500 9.167E-05 0.004787 
2 4 1.587500* 1.889E-02 0.06872 
1 4 2.162500 0.146 0.190979 
2 2.365000 2.450E-03 0.03500 
Hetrocyte% 4 4 46.00000* 0.667 0.408248 
2 4 47.50000*  27.667 2.629956 
1 4 49.5000* 17 2.061553 
2 25.000000 2 1.000000 
Neutrophil ( % 4 4 3.000000 0.667 0.408248 
2 4 1.00000* 1.333 0.577350 
1 4 4.000000 16 2.000000 
2 4.000000 0.00 0.000000 
Lymphocyte% 4 4 48.7500* 0.917 0.478714 
2 4 50.0000* 56.00 3.741657 
1 4 37.0000* 35.333 2.972092 
2 68.00000 2.000 1.000000 
Myelocyte (%) 4 4 1.250000 0.25 0.250000 
2 4 0.750000 0.917 0.478714 
1 4 8.250000 12.25 1.750000 
2 2.000000 0.00 0.000000 
Monocyte% 4 4 1.000000 0.00 0.000000 
2 4 0.750000 0.917 0.478714 
1 4 1.250000 0.25 0.250000 
2 1.000000 0.00 0.000000 
  
MCHC ( % ) 4 4 26.107500 7.742E-02 0.139127 
2 4 26.822500 1.718 0.655380 
1 4 28.222500 1.198 0.547211 
2 29.020000 0.192 0.310000 
WBC (/mm³) 4 4 7925.000* 9166.667 47.871355 
2 4 9950.00* 1176666.67 542.37134 
1 4 8742.50* 25602891.7 2529.9650 
2 5050.0000 5000.00 50.000000 
RBC(10X106) 4 4 1.750000 3.333E-03 0.02887 
2 4 1.680000 3.133E-03 0.02799 
1 4 1.525000 2.417E-02 0.07773 
2 1.550000 5.000E-03 0.05000 
Hetrocyte % 4 4 25.2500* 1.583 0.629153 
2 4 45.7500* 16.25 2.015564 
1 4 33.5000* 7.00 1.322876 
2 10.500000 0.5 0.500000 
Neutrophil% 4 4 3.250000 0.25 0.250000 
2 4 1.500000 3.667 0.957427 
1 4 0.000000 0 0.000000 
2 1.500000 0.5 0.500000 
Lymphocyte% 4 4 69.2500* .917 0.478714 
2 4 51.7500* 22.917 2.393568 
1 4 65.2500* 6.25 1.250000 
2 85.5000 .5 0.500000 
Myelocyte (%) 4 4 1.0000 0 0.000000 
2 4 0.25000 0.25 0.250000 
1 4 0.25000 0 0.000000 
2 1.0000 0 0.000000 
Monocyte % 4 4 1.0000 0 0.000000 
2 4 0.75000 0.917 0.478714 
1 4 1.2500 0.25 0.250000 
2 1.500000 0.5 0.500000 
 (ppm) 
ALT ( u / l ) 4 4 7.00 .667 0.4082 
2 4 6.50 4.33 1.0408 
1 4 14.50 4.33 1.0408 
2 17.50 4.5 1.5000 
AST ( u / l ) 4 4 147.75 1392.91 18.6608 
2 4 355.25 221384 235.2574 
1 4 135.25 364917 9.5513 
2 15.00 61747.744 48.0000 
ALP ( u / l ) 4 4 100.50 7 1.3228 
2 4 108.75 29.58 2.7195 
1 4 206.50 316.33 8.8928 
2 172.00 2450 35.0000 
LDH ( u / l ) 4 4 1767.00 64444 40.1372 
2 4 960.250 144396.92 189.9979 
1 4 827.750 68080.5 105.1866 
2 1334.50 212241.94 184.5000 
  (ppm) 
ALT ( u / l ) 4 4 5.2500 .25 0.250000 
2 4 4.0000 0 0.000000 
1 4 4.5000* .333 0.288675 
2 9.5000 .5 0.500000 
AST ( u / l ) 4 4 123.250* 16.25 2.015564 
2 4 74.5000* 99.667 4.991660 
1 4 79.7500* 7.583 1.376893 
2 16.5000 4.5 1.500000 
ALP ( u / l ) 4 4 126.750* 5.583 1.181454 
2 4 113.250* 28.25 2.657536 
1 4 125.2500* 16.25 2.015564 
2 148.5000 4.5 1.500000 
LDH ( u / l ) 4 4 1618.000 11818 54.355313 
2 4 1117.25* 7351.583 42.870687 
1 4 1181.500 1353.667 18.396105 
2 1388.000 1458 27.000000 
 (ppm) 
ALT ( u / l ) 4 4 5.00000 * .25 0.408248 
2 4 6.25000 * .667 0.478714 
1 4 8.00000 * .25 0.408248 
2 12.5000 .5 0.500000 
AST ( u / l ) 4 4 87.5000 * 18.25 2.500000 
2 4 98.5000 * 13.667 1.040833 
1 4 104.000 * 9.583 2.738613 
2 138.5000 .5 4.500000 
ALP ( u / l ) 4 4 71.5000 * 99.33 1.848423 
2 4 85.7500 28.25 4.534589 
1 4 82.5000 10.25 2.533114 
2 140.5000 32 3.500000 
LDH ( u / l ) 4 4 727.7500 2744.33 11.932973 
2 4 939.2500 742.917 8.730932 
1 4 879.7500 3277.667 16.178046 
2 1076.500 4512.5 21.500000 
  (ppm) 
ALT ( u / l ) 4 4 5.000000 4.4240 0.707107 
2 4 5.000000 1.33 0.577350 
1 4 5.500000 1.667 0.645497
2 10.000000 2 1.000000 
AST ( u / l ) 4 4 102.5000* 127 5.634714 
2 4 113.7500* 120 5.498106 
1 4 107.250* 132.917 5.764475 
2 147.50000 4.5 1.500000 
ALP ( u / l ) 4 4 39.2500* 16.25 2.015564 
2 4 53.5000* 188.33 6.861730 
1 4 84.2500* 23.583 2.428134 
2 117.00000 72 6.000000 
     
LDH ( u / l ) 4 4 741.0000* 5612.667 37.458866 
2 4 823.000* 7608.667 43.613836 
1 4 930.000* 1151.333 16.965652 
Control 2 1255.0000 1058 23.000000 
 (ppm) 
ALT ( u /l ) 4 4 5.0000* .667 0.408248 
2 4 6.2500* .917 0.478714 
1 4 8.0000* .667 0.408248 
2 12.500000 .5 0.500000 
AST ( u /l ) 4 4 87.5000* 25 2.500000 
2 4 98.5000* 4.33 1.040833 
1 4 104.0000 30 2.738613 
2 138.5000 40.5 4.500000 
ALP ( u / l ) 4 4 71.5000* 13.667 1.848423 
2 4 85.7500* 82.25 4.534589 
1 4 82.5000* 25.667 2.533114 
2 140.50000 24.5 3.500000 
LDH ( u / l ) 4 4 727.750* 569.583 11.932973 
2 4 939.25000 304.917 8.730932 
1 4 879.750* 1046.91 16.178046 
 
 mg/L
C
(mg/l) 
4 2 1 
1 187 ± 0.65* 198 ± 0.66* 210.16 ± 1.47* 175.5 ± 1.32 
7 188.16 ± 0.65* 185.33 ± 1.74* 190.5 ± 2.04* 175.5 ± 3.04 
15 175.5 ± 0.74  175.1 ± 1.6 175.1 ± 0.48 175.5 ± 0.37 
30 175.8 ± 0.47 175.5 ± 0.46 173.5 ± 0.13 175.8 ± 0.58 
45 166.75 ± 0.45 165.87 ± 0.54 170.62 ± 0.53 165.25 ± 0.79 
(mg/l)  
4 2 1 
1 5.95 ± 0.07 6.22 ± 0.13 6.15 ± 0.06  6 ± 0.28  
7 9.35 ± 0.11 * 8.6 ± 0.08 * 7.95 ± 0.06 7.09 ± 0.2  
15 6.8 ± 0.02 6.74 ± 0.05 6.4 ± 0.15 6.9 ± 0.05  
30 6 ± 0.04  6.1 ± 0.04 5.5 ± 0.03  6.1 ± 0.16  
45 6.5±0.03 6.4 ± 0.02 6.5 ± 0.16 6.5 ± 0.05  
1 3.8 ± 0.02  3.8 ± 0.02 3.9 ± 0.04 4 ± 0.28  
7 6.1 ± 0.13 * 6.1 ± 0.08 * 4.9 ± 0.06 4 ± 0.28 
15 4.9 ± 0.03 4.9 ± 0.02 4.8 ± 0.04 5 ± 0.04  
30 4.8 ± 0.1 4.5 ± 0.04 5.02 ± 0.03 5 ± 0.1  
45 6.2±.05 5 ± 0.24 6 ± 0.04  6 ± 0.05  
1 1.07 ± 0.04 * 1.47 ± 0.02 * 2 ± 0.2 * 10.54 ± 1.2  
7 11.77 ± 0.1 12 ± 0.05 12.25 ± 0.02 12.34 ± 0.06  
15 14.6 ± 0.07 14.4 ± 0.07 13.94 ± 0.13 14.56  ± 0.98  
30 12.07 ± 0.16 11.72 ± 0.25 12.2 ± 0.02 12.32 ± 0.06  
45 12.13 ± 0.03 12.1 ± 0.04 12.07 ± 0.04 12.2 ± 0.05  
 C .(n=5, M±St. Error), * P<0.05,  
SCL=Spontaneous) chemiluminescent response, CRAZ=Chemiluminescent response of phagocytes 
activised by zymosan.
(mg/l)
4 2 1
CRAZ SCL CRAZ SCL CRAZ SCL CRAZ SCL
190±0.54 185±0.36* 200.16±0.79* 199±0.57* 250.5±0.42* 205±1.1* 180.25±0.44 171.12±0.28 
187±0.57* 184 ±0.47* 190±0.57* 180±0.36* 200±0.57* 185±0.57* 175±0.57* 172.3±0.42 
186.9±0.35* 171.7±0.15 180.1±0.35* 172.3±0.15 184±0.21 172.5±0.78 174.87±0.08 171.94±0.17 
180.5±0.32* 170.72±0.2 184.5±0.18 171.5±0.16 182.37±0.18 170.2±0.13 174.75±0.16 170.25±0.16 
175±0.31* 161.6±0.24 172.18±0.1* 161.3±0.13 171.06±0.19* 167.75±0.2 2.75±4.8 160.5 ±0.79 
mean ± std. Error mean ± std. Error mean ± std. Error 
HCT (%) 22.6 ± 1.32 21.2 ± 1.4 19.7 ± 0.25 
Hb (g/100ml) 5.04 ± 0.08 5.4 ± 0.2 6.5 ± 0.2 
MCV (m) 0.00001 ± 0.000006 0.0001 ± 0.000008 0.0001 ± 0.000002 
MCH (pg) 0.00002 ± 0.000002 0.00003 ± 0.000001 0.00004 ± 0.000001 
MCHC (%) 23.5 ± 1.03 25.8 ± 0.84 27.5 ± 0.35 
WBC (/mm) 2670 ± 170.7 1950 ± 236.6 2974 ± 31.5 
RBC(10 mm) 1.5 ± 0.03 1.82 ± 0.03 1.6 ± 0.04 
Heterophil(%) 27.4 ± 0.87 10.6 ± 0.74 19.5 ± 0.64 
Neutrophil(%) 0.6 ± 0.4 11 ± 0.4 4.75 ± 0.4 
Lymphocyte(%) 69.8 ± 0.8 79.6 ± 0.6 74.2 ± 0.75 
Myellocyte(%) 2.25 ± 0.4 1.4 ± 0.6 1.5 ± 0.2 
Monocyte(%) 0 0.4 ± 0.4 0 
ALT (µ / l) 5.4 ± 1.3 6.2 ± 1.2 7.2 ± 0.4 
AST (µ / l) 44 ± 7.4 50.8 ± 2.3 59.5 ± 0.8 
ALP (µ / l) 160.8 ± 14.3 156.6 ± 12.36 210.5 ± 11.3 
LDH (µ / l) 1625.4 ± 119.07 1108.4 ± 106.2 1121.5 ± 48.5 
 
 mean ± std. Error mean ± std. Error mean ± std. Error 
HCT (%) 14.6 ± 0.5  19.4 ± 0.5  19.7 ± 0.6 
Hb(g/100ml) 4.1 ± 0.2 4.8 ± 0.2 5.0 ± 0.4 
MCV (m) 0.00009 ± 0.000005  0.0001 ± 0.000004 0.0001 ± 0.000001 
MCH (pg) 0.00003 ± 0.000002 0.00002 ± 0.000003 0.00004 ± 0.0000008 
MCHC (%) 28.9 ± 2 25 ± 1.2 25.6 ± 0.2 
WBC (/mm) 2060 ± 100.4  2420 ± 75.1  2841.7 ± 24.7 
RBC(10 mm) 1.6 ± 0.06  2.2 ± 0.1 1.9 ± 0.06 
Hetrophil(%) 16.6 ± 0.8  22.6 ± 0.8  18 ± 0.4 
Neutrophil(%) 18.2 ± 0.5  4.2 ± 0.3  6.7 ± 0.4 
Lymphocyte(%) 65.2 ± 0.8  71.4 ± 0.7  72 ± 0.7 
Myellocyte(%) 0  1.2 ± 0.3  3.2 ± 0.2 
Monocyte(%) 0 0.6 ± 0.4 0 
ALT (µ / l) 4.2 ± 0.3 3.2 ± 0.8 3.2 ± 0.2 
AST (µ / l) 58.2 ± 4.32 62.8 ± 9.32 56.7 ± 5 
ALP (µ / l) 199 ± 10.2  131 ± 18.14  170.5 ± 8 
LDH (µ / l) 1792.4 ± 29.7 1891.4 ± 417.2 1819.7 ± 205.7 
mean ± std. Error mean ± std. Error mean ± std. Error 
HCT (%) 14 ± 0.4 18.6 ± 0.5 22.25 ± 0.4 
Hb(g/100ml) 3.3 ± 0.1 4.6 ± 0.1 4.6 ± 0.2
MCV (m) 0.00009 ± 0.000005 0.0001 ± 0.000004 0.0001 ± 0.000001 
MCH (pg) 0.00003 ± 0.000001 0.00002 ± 0.000003 0.00003 ± 0.0000004 
MCHC (%) 25.4 ± 0.7 26.9 ± 1.9 25 ± 0.4 
WBC (/mm) 2000 ± 139.6 2490 ± 55.6 2599 ± 35.8 
RBC(10 mm) 1.6 ± 0.05 2.2 ± 0.1 2 ± 0.08 
Hetrophil(%) 20.8 ± 0.3 14.2 ± 0.5 15.7 ± 0.4 
Neutrophil(%) 17.8 ± 0.5 9.6 ± 0.5 7 ± 0.4 
Lymphocyte(%) 61.4 ± 0.5 74 ± 1 74 ± 0.7 
Myellocyte(%) 0 1.6 ± 0.4 3.25 ± 0.4 
Monocyte(%) 0 0.6 ± 0.4 0 
ALT (µ / l) 2.4 ± 0.5 2.4 ± 0.5 2.75 ± 0.2 
AST (µ / l) 37.2 ± 5.2 38.2 ± 4.9 41 ± 2.8 
ALP (µ / l) 132.2 ± 11.9 135.6 ± 14.3 135.7 ± 18.9 
LDH (µ / l) 1351.2 ± 99.4 1086 ± 66.87 1932 ± 66.5 
 mean ± std. Error mean ± std. Error mean ± std. Error 
HCT (%) 20 ± 0.4 19.4 ± 0.5  21.7 ± 0.4 
Hb(g/100ml) 4.4 ± 0.2 5 ± 0.1 5 ± 0.4 
MCV (m) 0.0001 ± 0.000004  0.0001 ± 0.000002  0.0001 ± 0.000001 
MCH (pg) 0.00002 ± 0.000002  0.00003 ± 0.0000008 0.00004 ± 0.0000008 
MCHC (%) 20.3 ± 0.8 20.5 ± 0.6  23 ± 0.4 
WBC (/mm) 1270 ± 81.5  3060 ± 180.5  2513 32.5 
RBC(10 mm) 1.48 ± 0.03 * 1.5 ± 0.1  2.1 ± 0.08 
Hetrophil(%) 16.6 ± 0.6  20.2 ± 0.6  15 ± 0.4 
Neutrophil(%) 15.2 ± 0.3  3.2 ± 0.3  6.2 ± 0.4 
Lymphocyte(%) 64.2 ± 0.5  75.2 ± 0.8  74.7 ± 0.4 
Myellocyte(%) 2.2 ± 0.2  1.4 ± 0.2  3.7 ± 0.2 
Monocyte(%) 1 ± 0.4 0 0 
ALT (µ / l) 7.6 ± 0.5  11.4 ± 0.5  13 ± 0.4 
AST (µ / l) 59.4 ± 1.5  96.8 ± 3  78.5 ± 1.5 
ALP (µ / l) 155.6 ± 4.9  206.2 ± 7.1  256.7 ± 4.69
LDH (µ / l) 1417.6 ± 57.5  2388.4 ± 92.9  2389 ± 56.3 
mean ± std. Error mean ± std. Error mean ± std. Error 
HCT (%) 14 ± 1.04  17.2 ± 0.58 17.75 ± 0.47 
Hb(g/100ml) 4.4 ± 0.24 4.6 ± 0.4 5.5 ± 0.28 
MCV (m) 0.00009 ± 0.000002 0.0001 ± 0.000003 0.0001 ± 0.000003 
MCH (pg) 0.00003 ± 0.0000008 0.00004 ± 0.000001 0.00004 ± 0.0000007 
MCHC (%) 27.5 ± 1.5 27.08 ± 0.6  23.7 ± 0.4 
WBC (/mm) 1858 ± 30.2  2750 ± 143.1  2412.5 ± 65.7 
RBC(10 mm) 1.36 ± 0.05  1.7 ± 0.1 1.8 ± 0.06 
Hetrophil(%) 19.8 ± 1.3  26.8 ± 1.3  16.2 ± 0.4 
Neutrophil(%) 12.8 ± 1.01  4.8 ± 0.3  68 ± 1.7 
Lymphocyte(%) 67.2 ± 0.9  68 ± 1.7  76.5 ± 0.64 
Myellocyte(%) 0.4 ± 0.4  0.4 ± 0.4  3 ± 0.4 
Monocyte(%) 0 0 0 
ALT (µ / l) 10 ± 0.7  13.2 ± 0.6  13 ± 0.4 
AST (µ / l) 88.6 ± 3.6  53.2 ± 5  113.7 ± 3.2 
ALP (µ / l) 144.2 ± 4.16 127.4 ± 6.3  149.5 ± 2.6 
LDH (µ / l) 1188 ± 27.9  1456 ± 50.4  1222 ± 40 
   
1 365.71 ± 45.71 * 16  ± 2.4 30  ± 4.4 
7 373.3  ± 53.3 * 213.33  ± 53.33 10  ± 0 
14 480  ± 53.3 * 20  ± 2.8 25  ± 5 
21 256  ± 39.1 * 48  ± 8 * 15  ± 5 
28 384  ± 64 * 48  ± 8 * 15  ± 5 
1 6.7 ±  0.18 8.7  ± 0.36 4.9  ± 1.1 
7 7.1  ± 0.12 9.7  ± 0.15 5.5  ± 4.3 
14 10.28  ± 0.36 13.06  ± 0.42 5.5  ± 1.8 
21 9.3  ± 0.15 12.25  ± 0.18 7.2  ± 5.2 
28 7.1  ± 0.12 8.8  ± 0.05 5.6  ± 2.4 
1 7.2  ± 0.28 10.32  ± 0.56 5.8  ± 1.7 
7 8.2  ± 0.1 10.6  ± 0.5 6.05  ± 4.9 
14 8.4  ± 0.05 9.08  ± 5.8 7.2  ± 1.1 
21 8.2  ± 0.09 13.9  ± 0.51 7.9  ± 5.9 
28 7.8  ± 0.1 10.2  ± 0.1 6.3  ± 2.8 
1 16.5  ± 0.64 22.7  ± 0.91 10.9  ± 3.7 
7 17.9  ± 0.17 24.5  ± 0.76 13.5  ± 11.5 
14 18.6  ± 0.4 * 23.9  ± 0.57 * 14.7  ± 0.63 
21 18.7  ± 0.25 21.6  ± 0.4 15.6  ± 7.6 
28 17.02  ± 0.08 22.7  ± 0.2 15.6  ± 7.4 
* : Significant at P < 0.05          
 CLRPAZ SCL CLRPAZ SCL CLRPAZ SCL 
1 199.38 ± 0.06  190.37 ± 0.07  203.32 ± 0.06  200.31 ± 0.06  187.72 ± 5.4 186.88 ± 4.2 
7 210.23 ± 0.02  208.16 ± 0.02  218.3 ± 0.05  213.1 ± 0.02  192.3 ± 7.03 190.5 ± 6.1 
14 221.01 ± 1.2 * 212.15 ± 0.06 * 229.9 ± 0.07 * 215.29 ± 0.08 * 200.23 ± 0.06  197.32 ± 0.05 
21 215.36 ± 0.06  212.3 ± 0.06  218.3 ± 0.32  217.7 ± 0.36  197.46 ± 5.6 194.8 ± 7.4 
 (mg/L)
 (mg/L)
 (mg/L)
 (mg/L)
 Abstract 
Some specific and non-specific immune variables of grass carp against Aeromonas hydropila and in the present of 
organophosphate, diazinon was studied at 18-20?C. Also, the toxicity of this toxicant was assessed in this 
species. Isolation and characterization of the fish IgM showed that fish possesses IgM with molecular weight of 
480-640 KD having 15-20% of total serum protein. The LC50 96 hours of the toxicant was 15.13 mg/L and the 
survival fish showed erythropenia, leucopenia and a decrease in levels of blood enzymes, alanine 
aminotransferase, alkaline phosphatase, lactate dehydrogenase and total protein, while level of glucose 
increased. When fish were exposed to sublethal concentrations of diazinon (1, 2 and 4 mg/L) for 12 hours  large 
change were then observed in hematological and biochemical variables of blood feaures plus a suppression of 
chemiluminuscence (CL) response by blood leucocytes during 45 days post-expposure. When fish were 
intraperitoneally immunized with Aeromonas  hydrophila whole cell antigens and exposed to 2 mg/L of 
diazinon, the immunological responses consisting of lysozyme content, CL response, antibody titre were 
suppressed during one moth post-exposure. Also, light and electron microscopic examinations of tissues of 
kidney, liver, gill, spleen and nostril of fish exposed to acute and sublethal concentration of the toxicant 
revealded remarkable changes including hyperemia, heamorrhage, necrosis, damaging of reticulum endoplasmic 
of epithelial cells and vacuolation of club cell of nostril, and degeneration of mithochondria in kidney cells, 
reduction in excretion of amorphous proteinous materials and vesicle numbers on the cell surface and also 
blocking of cell surface cannals of nostril cells. 
Key words: Aeromonas hydrophila, diazinon, grass carp, immune responses    
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 mg/L
C
u/lAST 
u/l ALP 
u/l ALT 
u/l LDH 
mg/dl CHO 
mg/dl TRIG 
mg/dl GLU 
mg/dl TP 
 .
  
 (ppm) 
PCV ( % ) 4 4 30.75 0.917 0.4787
2 4 27.50 4.33 1.0408
1 4 38.75 2.917 0.8539
2 32.00 32 4.0000
Hb (g/100ml) 4 4 7.60 7.33E-02 0.1354
2 4 6.97 0.136 0.1842
1 4 8.77 4.25E-02 0.1030
2 8.15 2.645 1.1500
MCV ( m³ ) 4 4 0.000173 2.5E-11 0.0000
2 4 0.0002 2.86E-09 0.0000
1 4 0.000223 2.5E-11 0.0000
2 0.00017 4.5E-10 0.0000
MCH (pg) 4 4 0.000043 1.66E-12 0.0000
2 4 0.000051 2.049E-0 0.0000
1 4 0.00005 7.5E-12 0.0000
2 0.000042 1.25E-11 0.0000
MCHC ( % ) 4 4 24.71 0.147 0.1915
2 4 25.40 0.445 0.3333
1 4 22.66 0.289 0.2687
2 25.41 0.344 0.4150
WBC (/mm³) 4 4 9250.00 16666.67 64.549
2 4 8400.00 951666.7 487.70
1 4 9400.00 11666.67 54.001
2 14000.00 6480000 1800.0
RBC(1x106) 4 4 1.79 4.4403 0.0331
2 4 1.66 1.68E-02 0.0648
1 4 1.75 1.66E-02 0.0645
2 2.30 2.00E02 0.1000
Hetrocyte (%) 4 4 12.50 1.667 0.6454
 2 4 12.00 14 1.8708
1 4 31.75 3.58 0.9468
2 21.50 4.5 1.5000
Neutrophil(%) 4 4 20.50* 1.667 0.6454
2 4 35.50 * 6.33 1.2583
1 4 9.00 7.33 1.3540
2 3.00 2 1.0000
Lymphocyte 
(%)
4 4 63.25 .917 0.4787
2 4 48.00 * 8.667 1.4719
1 4 55.00 * .667 0.4082
2 66.50 .5 0.5000
Myelocyte (%) 4 4 3.00 2 0.7071
2 4 2.00* 4.667 1.0801
1 4 2.25 .25 0.2500
2 5.00 0 0.0000
Monocyte (% ) 4 4 0.75 * .917 0.4787
2 4 2.50 3.667 0.9574
1 4 2.00 * .667 0.4082
2 4.00 0 0.0000
  
2 4 23.750 1.58 0.629153 
1 4 35.500 1.667 0.645497 
2 25.500 4.5 1.500000 
Hb (g/100ml) 4 4 8.0500 * 1E-02 0.05000
2 4 5.8750 0.229 0.239357 
1 4 7.5000 * 0.167 0.204124 
2 6.0000 0 0.000000 
MCV ( m³ ) 4 4 0.0002 2.067E-02 0.0000223 
2 4 0.0001 8.25E-10 0.0000146 
1 4 0.0002 6.917E-10 0.0000135 
2 0.0001 4.500E-10 0.000015 
MCH (pg) 4 4 0.00004 9.667E-11 0.0000041 
2 4 0.00004 3.825E-11 0.0000030 
 1 4 0.00017 5.641E-08 0.0001188 
2 0.000044 7.200E-11 0.0000060 
MCHC ( % ) 4 4 24.6575 2.315 0.760782 
2 4 24.7300 1.678 0.647740 
1 4 21.1675 2.942 0.857626 
2 23.6100 3.864 1.390000 
WBC (/mm³) 4 4 13712.50* 2003958.33 707.80618 
2 4 12237.5* 533958.33 365.36226 
1 4 10550.00* 123333.33 175.59423 
2 7400.000 45000 150.00000 
RBC(1x106) 4 4 1.525000 8.917E-02 0.149304 
2 4 1.4050 4.277E-02 0.103401 
1 4 1.38250 7.892E-03 0.04442 
2 1.7000 2E-02 0.1000 
Hetrocyte% 4 4 34.25000 2.917 0.853913 
2 4 54.7500* 4.91778 1.108678 
1 4 41.250000 4.917 1.108678 
2 32.50000 4.5 1.500000 
Neutrophil % 4 4 6.750000 .917 0.478714 
2 4 8.500000 3.667 0.957427 
1 4 10.7500* 2.917 0.853913 
2 4.500000 .5 0.500000 
Lymphocyt% 4 4 54.25000 5.583 1.181454 
2 4 33.5000* 1.667 0.645497 
1 4 45.0000* 8.667 1.471960 
2 60.5000 .5 0.500000 
Myelocyt (%) 4 4 3.75000 6.917 1.314978 
2 4 2.0000 2 0.707107 
1 4 2.0000 0 0.000000 
2 1.50000 .5 0.500000 
Monocyte % 4 4 1.0000 1.333 0.577350 
2 4 1.7500 1.583 0.629153 
1 4 1.0000 0.667 0.408248 
2 1.0000 0.00 0.000000 
   
 (ppm) 
PCV ( % ) 4 4 34.0000 1.667 0.408248 
2 4 25.0000 7.583 1.581139 
1 4 24.7500 8 0.629153 
2 30.5000 .5 0.500000 
Hb (g/100ml) 4 4 8.8750 5.667E-02 0.06292 
2 4 6.67500 0.167 0.268871 
1 4 6.97500 1.583E-02 0.06292 
2 8.85000 .125 0.05000 
MCV ( m³ ) 4 4 0.000194 1.641E-09 0.0000022 
2 4 0.000148 4.905E-09 0.0000091 
1 4 0.000163 7.27E-10 0.0000074 
2 0.000197 0 0.0000030 
MCH (pg) 4 4 0.00005.* 8.867E-11 0.0000006 
2 4 0.000035* 5.700E-11 0.0000015 
1 4 0.000046* 1.043E-10 0.0000020 
2 0.000057 5E-13 0.0000015 
MCHC ( % ) 4 4 26.10750 0.571 0.139127 
2 4 26.82250 1.720 0.655380 
1 4 28.22250 6.677 0.547211 
2 29.02000 .490 0.310000 
WBC (mm³) 4 4 7925.00 * 40625 47.871355 
2 4 9950.00 * 594400 542.37134 
1 4 8742.500* 102291.667 2529.9650 
2 5050.0000 1250 50.000000 
RBC(10X106
) 
4 4 1.6625 * 1.789E-02 0.02887 
2 4 1.600 * 5E-03 0.02799 
1 4 1.1975 * 6.069E02 007773 
2 3.850 5E-03 0.05000 
Hetrocyte% 4 4 25.25000 4.33 0.629153 
2 4 45.75000* 9.667 2.015564 
 1 4 33.50000 0.917 1.322876 
2 10.50000 4.5 0.500000 
Neutrophil 
( %  
4 4 3.25000* 2.25 0.250000 
2 4 1.50000 1.667 0.957427 
1 4 1.0000 2.917 0.000000 
2 1.50000 0 0.500000 
Lymphocyte
% 
4 4 69.25000 3.33 0.478714 
2 4 51.7500* 11.667 2.393568 
1 4 65.2500 1.667 1.250000 
2 85.5000 2 0.500000 
Myelocyte 
(%) 
4 4 1.0000 0.333 0.000000 
2 4 0.2500 1 0.250000 
1 4 0.0000 0 0.000000 
2 1.0000 0 0.138675 
Monocyte% 4 4 1.0000 0.25 0.000000 
2 4 0.75000 0.25 478714 
1 4 1.2500 0.333 0.250000 
2 1.5000 .5 0.500000 
 
  
 (ppm)) 
PCV ( % ) 4 4 34.250000 0.917 0.478714 
2 4 27.500000 15 1.936492 
1 4 28.250000 11.583 1.701715 
2 34.000000 0.00 0.000000 
Hb (g/100ml) 4 4 9.02500 2.5E-03 0.02500 
2 4 8.375000 0.676 0.411045 
1 4 8.200000 0.600 0.387298 
2 10.000000 0.00 0.000000 
MCV ( m³ ) 4 4 0.00018 1.825E-11 0.0000021 
2 4 0.0001735 4.510E-10 0.0000106 
1 4 0.0001353 1.366E-09 0.0000188 
2 0.0001435 1.25E-11 0.0000025 
MCH (pg) 4 4 0.0000499 2.250E-14 0.0000000 
2 4 0.000052* 9.307E-12 0.0000012 
1 4 0.0000390 9.267E-11 0.0000048 
2 0.0000 5.00E-13 0.0000005 
MCHC ( % ) 4 4 26.3625* 0.464 0.340621 
2 4 30.630000 6.144 1.239314 
1 4 29.117500 3.101 0.880477 
2 30.440000 4.5E-02 0.150000 
WBC (/mm³) 4 4 7900.0000 6666.667 40.824829 
2 4 5087.500* 443958.33 333.15099 
1 4 8420.0000 89266.667 149.3876 
2 7825.0000 1250 25.00000
RBC(10X106
) 
4 4 1.802500 9.167E-05 0.004787 
2 4 1.587500* 1.889E-02 0.06872 
1 4 2.162500 0.146 0.190979 
2 2.365000 2.450E-03 0.03500 
Hetrocyte% 4 4 46.00000* 0.667 0.408248 
2 4 47.50000*  27.667 2.629956 
1 4 49.5000* 17 2.061553 
 2 25.000000 2 1.000000 
Neutrophil 
( %  
4 4 3.000000 0.667 0.408248 
2 4 1.00000* 1.333 0.577350 
1 4 4.000000 16 2.000000 
2 4.000000 0.00 0.000000 
Lymphocyte
% 
4 4 48.7500* 0.917 0.478714 
2 4 50.0000* 56.00 3.741657 
1 4 37.0000* 35.333 2.972092 
2 68.00000 2.000 1.000000 
Myelocyte 
(%) 
4 4 1.250000 0.25 0.250000 
2 4 0.750000 0.917 0.478714 
1 4 8.250000 12.25 1.750000 
2 2.000000 0.00 0.000000 
Monocyte% 4 4 1.000000 0.00 0.000000 
2 4 0.750000 0.917 0.478714 
1 4 1.250000 0.25 0.250000 
2 1.000000 0.00 0.000000 
  
MCHC ( % ) 4 4 26.107500 7.742E-02 0.139127 
2 4 26.822500 1.718 0.655380 
1 4 28.222500 1.198 0.547211 
2 29.020000 0.192 0.310000 
WBC (/mm³) 4 4 7925.000* 9166.667 47.871355 
2 4 9950.00* 1176666.67 542.37134 
1 4 8742.50* 25602891.7 2529.9650 
2 5050.0000 5000.00 50.000000 
RBC(10X106) 4 4 1.750000 3.333E-03 0.02887 
2 4 1.680000 3.133E-03 0.02799 
1 4 1.525000 2.417E-02 0.07773 
2 1.550000 5.000E-03 0.05000 
Hetrocyte % 4 4 25.2500* 1.583 0.629153 
2 4 45.7500* 16.25 2.015564 
1 4 33.5000* 7.00 1.322876 
2 10.500000 0.5 0.500000 
Neutrophil% 4 4 3.250000 0.25 0.250000 
2 4 1.500000 3.667 0.957427 
1 4 0.000000 0 0.000000 
2 1.500000 0.5 0.500000 
Lymphocyte% 4 4 69.2500* .917 0.478714 
2 4 51.7500* 22.917 2.393568 
1 4 65.2500* 6.25 1.250000 
2 85.5000 .5 0.500000 
Myelocyte (%) 4 4 1.0000 0 0.000000 
2 4 0.25000 0.25 0.250000 
1 4 0.25000 0 0.000000 
2 1.0000 0 0.000000 
Monocyte % 4 4 1.0000 0 0.000000 
2 4 0.75000 0.917 0.478714 
1 4 1.2500 0.25 0.250000 
2 1.500000 0.5 0.500000 
  (ppm)
ALT ( u / l ) 4 4 7.00 .667 0.4082
2 4 6.50 4.33 1.0408
1 4 14.50 4.33 1.0408
2 17.50 4.5 1.5000
AST ( u / l ) 4 4 147.75 1392.91 18.6608
2 4 355.25 221384 235.2574
1 4 135.25 364917 9.5513
2 15.00 61747.744 48.0000
ALP ( u / l ) 4 4 100.50 7 1.3228
2 4 108.75 29.58 2.7195
1 4 206.50 316.33 8.8928
2 172.00 2450 35.0000
LDH ( u / 
l )
4 4 1767.00 64444 40.1372
2 4 960.250 144396.92 189.9979
1 4 827.750 68080.5 105.1866
2 1334.50 212241.94 184.5000
 (ppm)
ALT ( u / l ) 4 4 5.2500 .25 0.250000
2 4 4.0000 0 0.000000
1 4 4.5000* .333 0.288675
2 9.5000 .5 0.500000
AST ( u / l ) 4 4 123.250* 16.25 2.015564
2 4 74.5000* 99.667 4.991660
1 4 79.7500* 7.583 1.376893
2 16.5000 4.5 1.500000
ALP ( u / l ) 4 4 126.750* 5.583 1.181454
 2 4 113.250* 28.25 2.657536
1 4 125.2500* 16.25 2.015564
2 148.5000 4.5 1.500000
LDH ( u / l ) 4 4 1618.000 11818 54.355313
2 4 1117.25* 7351.583 42.870687
1 4 1181.500 1353.667 18.396105
2 1388.000 1458 27.000000
 (ppm) 
ALT ( u / l ) 4 4 5.00000 * .25 0.408248 
2 4 6.25000 * .667 0.478714 
1 4 8.00000 * .25 0.408248 
2 12.5000 .5 0.500000 
AST ( u / l ) 4 4 87.5000 * 18.25 2.500000 
2 4 98.5000 * 13.667 1.040833 
1 4 104.000 * 9.583 2.738613 
2 138.5000 .5 4.500000 
ALP ( u / l ) 4 4 71.5000 * 99.33 1.848423 
2 4 85.7500 28.25 4.534589 
1 4 82.5000 10.25 2.533114 
2 140.5000 32 3.500000 
LDH ( u / l ) 4 4 727.7500 2744.33 11.932973 
2 4 939.2500 742.917 8.730932 
1 4 879.7500 3277.667 16.178046 
2 1076.500 4512.5 21.500000 
 (ppm)
ALT ( u / l ) 4 4 5.000000 4.4240 0.707107
2 4 5.000000 1.33 0.577350
1 4 5.500000 1.667 0.645497
 2 10.00000
0
2 1.000000
AST ( u / l ) 4 4 102.5000
*
127 5.634714
2 4 113.7500
*
120 5.498106
1 4 107.250* 132.917 5.764475
2 147.5000
0
4.5 1.500000
ALP ( u / l ) 4 4 39.2500* 16.25 2.015564
2 4 53.5000* 188.33 6.861730
1 4 84.2500* 23.583 2.428134
2 117.0000
0
72 6.000000
LDH ( u / l ) 4 4 741.0000
*
5612.667 37.458866
2 4 823.000* 7608.667 43.613836
1 4 930.000* 1151.333 16.965652
Control 2 1255.000
0
1058 23.000000
 (ppm) 
ALT ( u /l ) 4 4 5.0000* .667 0.408248 
2 4 6.2500* .917 0.478714 
1 4 8.0000* .667 0.408248 
2 12.500000 .5 0.500000 
AST ( u /l ) 4 4 87.5000* 25 2.500000 
2 4 98.5000* 4.33 1.040833 
1 4 104.0000 30 2.738613 
2 138.5000 40.5 4.500000 
ALP ( u / l ) 4 4 71.5000* 13.667 1.848423 
 2 4 85.7500* 82.25 4.534589 
1 4 82.5000* 25.667 2.533114 
2 140.50000 24.5 3.500000 
LDH ( u / l ) 4 4 727.750* 569.583 11.932973 
2 4 939.25000 304.917 8.730932 
1 4 879.750* 1046.91 16.178046 
 
mg/L
C
(mg/l)  
4 2 1 
1 5.95 ± 0.07 6.22 ± 0.13 6.15 ± 0.06  6 ± 0.28  
7 9.35 ± 0.11 * 8.6 ± 0.08 * 7.95 ± 0.06 7.09 ± 0.2  
15 6.8 ± 0.02 6.74 ± 0.05 6.4 ± 0.15 6.9 ± 0.05  
30 6 ± 0.04  6.1 ± 0.04 5.5 ± 0.03  6.1 ± 0.16  
45 6.5±0.03 6.4 ± 0.02 6.5 ± 0.16 6.5 ± 0.05  
1 3.8 ± 0.02  3.8 ± 0.02 3.9 ± 0.04 4 ± 0.28  
7 6.1 ± 0.13 * 6.1 ± 0.08 * 4.9 ± 0.06 4 ± 0.28 
15 4.9 ± 0.03 4.9 ± 0.02 4.8 ± 0.04 5 ± 0.04  
30 4.8 ± 0.1 4.5 ± 0.04 5.02 ± 0.03 5 ± 0.1  
45 6.2±.05 5 ± 0.24 6 ± 0.04  6 ± 0.05  
1 1.07 ± 0.04 * 1.47 ± 0.02 * 2 ± 0.2 * 10.54 ± 1.2  
7 11.77 ± 0.1 12 ± 0.05 12.25 ± 0.02 12.34 ± 0.06  
 C
(mg/l) 
4 2 1 
1 187 ± 0.65* 198 ± 0.66* 210.16 ± 1.47* 175.5 ± 1.32 
7 188.16 ± 0.65* 185.33 ± 1.74* 190.5 ± 2.04* 175.5 ± 3.04 
15 175.5 ± 0.74  175.1 ± 1.6 175.1 ± 0.48 175.5 ± 0.37 
30 175.8 ± 0.47 175.5 ± 0.46 173.5 ± 0.13 175.8 ± 0.58 
45 166.75 ± 0.45 165.87 ± 0.54 170.62 ± 0.53 
165.25 ± 
0.79 
7
C .(n=5, M±St. Error), * P<0.05,  SCL=Spontaneous) 
chemiluminescent response, CRAZ=Chemiluminescent response of phagocytes activised by zymosan.
(mg/l)
4 2 1
CRAZ SCL CRAZ SCL CRAZ SCL CRAZ SCL
190±0.54 185±0.36*
200.16±0.79
*
199±0.57* 250.5±0.42* 205±1.1* 180.25±0.44
171.12±0.2
8
187±0.57* 184 ±0.47* 190±0.57* 180±0.36* 200±0.57* 185±0.57* 175±0.57* 172.3±0.42
186.9±0.35
*
171.7±0.15 180.1±0.35* 172.3±0.15 184±0.21 172.5±0.78 174.87±0.08
171.94±0.1
7
180.5±0.32
*
170.72±0.2 184.5±0.18 171.5±0.16
182.37±0.1
8
170.2±0.13 174.75±0.16
170.25±0.1
6
15 14.6 ± 0.07 14.4 ± 0.07 13.94 ± 0.13 14.56  ± 0.98  
30 12.07 ± 0.16 11.72 ± 0.25 12.2 ± 0.02 12.32 ± 0.06  
45 12.13 ± 0.03 12.1 ± 0.04 12.07 ± 0.04 12.2 ± 0.05  
 175±0.31* 161.6±0.24 172.18±0.1* 161.3±0.13
171.06±0.1
9*
167.75±0.2 2.75±4.8 160.5 ±0.79
 
mean ± std. Error mean ± std. Error mean ± std. Error 
HCT (%) 22.6 ± 1.32 21.2 ± 1.4 19.7 ± 0.25 
Hb (g/100ml) 5.04 ± 0.08 5.4 ± 0.2 6.5 ± 0.2 
MCV (m) 0.00001 ± 0.000006 0.0001 ± 0.000008 0.0001 ± 0.000002 
MCH (pg) 0.00002 ± 0.000002 0.00003 ± 0.000001 0.00004 ± 0.000001 
MCHC (%) 23.5 ± 1.03 25.8 ± 0.84 27.5 ± 0.35 
WBC (/mm) 2670 ± 170.7 1950 ± 236.6 2974 ± 31.5 
RBC(10 mm) 1.5 ± 0.03 1.82 ± 0.03 1.6 ± 0.04 
Heterophil(%) 27.4 ± 0.87 10.6 ± 0.74 19.5 ± 0.64 
Neutrophil(%) 0.6 ± 0.4 11 ± 0.4 4.75 ± 0.4 
Lymphocyte(%) 69.8 ± 0.8 79.6 ± 0.6 74.2 ± 0.75 
Myellocyte(%) 2.25 ± 0.4 1.4 ± 0.6 1.5 ± 0.2 
Monocyte(%) 0 0.4 ± 0.4 0 
ALT (µ / l) 5.4 ± 1.3 6.2 ± 1.2 7.2 ± 0.4 
AST (µ / l) 44 ± 7.4 50.8 ± 2.3 59.5 ± 0.8 
ALP (µ / l) 160.8 ± 14.3 156.6 ± 12.36 210.5 ± 11.3 
LDH (µ / l) 1625.4 ± 119.07 1108.4 ± 106.2 1121.5 ± 48.5 
 
mean ± std. Error mean ± std. Error mean ± std. Error 
HCT (%) 14.6 ± 0.5  19.4 ± 0.5  19.7 ± 0.6 
Hb(g/100ml) 4.1 ± 0.2 4.8 ± 0.2 5.0 ± 0.4 
MCV (m) 0.00009 ± 0.000005  0.0001 ± 0.000004 0.0001 ± 0.000001 
MCH (pg) 0.00003 ± 0.000002 0.00002 ± 0.000003 
0.00004 ± 
0.0000008 
 MCHC (%) 28.9 ± 2 25 ± 1.2 25.6 ± 0.2 
WBC (/mm) 2060 ± 100.4  2420 ± 75.1  2841.7 ± 24.7 
RBC(10 mm) 1.6 ± 0.06  2.2 ± 0.1 1.9 ± 0.06 
Hetrophil(%) 16.6 ± 0.8  22.6 ± 0.8  18 ± 0.4 
Neutrophil(%) 18.2 ± 0.5  4.2 ± 0.3  6.7 ± 0.4 
Lymphocyte(%) 65.2 ± 0.8  71.4 ± 0.7  72 ± 0.7 
Myellocyte(%) 0  1.2 ± 0.3  3.2 ± 0.2 
Monocyte(%) 0 0.6 ± 0.4 0 
ALT (µ / l) 4.2 ± 0.3 3.2 ± 0.8 3.2 ± 0.2 
AST (µ / l) 58.2 ± 4.32 62.8 ± 9.32 56.7 ± 5 
ALP (µ / l) 199 ± 10.2  131 ± 18.14  170.5 ± 8 
LDH (µ / l) 1792.4 ± 29.7 1891.4 ± 417.2 1819.7 ± 205.7 
 
mean ± std. Error mean ± std. Error mean ± std. Error 
HCT (%) 14 ± 0.4 18.6 ± 0.5 22.25 ± 0.4 
Hb(g/100ml) 3.3 ± 0.1 4.6 ± 0.1 4.6 ± 0.2
MCV (m) 0.00009 ± 0.000005 0.0001 ± 0.000004 0.0001 ± 0.000001 
MCH (pg) 0.00003 ± 0.000001 0.00002 ± 0.000003 0.00003 ± 0.0000004 
MCHC (%) 25.4 ± 0.7 26.9 ± 1.9 25 ± 0.4 
WBC (/mm) 2000 ± 139.6 2490 ± 55.6 2599 ± 35.8 
RBC(10 mm) 1.6 ± 0.05 2.2 ± 0.1 2 ± 0.08 
Hetrophil(%) 20.8 ± 0.3 14.2 ± 0.5 15.7 ± 0.4 
Neutrophil(%) 17.8 ± 0.5 9.6 ± 0.5 7 ± 0.4 
Lymphocyte(%) 61.4 ± 0.5 74 ± 1 74 ± 0.7 
Myellocyte(%) 0 1.6 ± 0.4 3.25 ± 0.4 
Monocyte(%) 0 0.6 ± 0.4 0 
ALT (µ / l) 2.4 ± 0.5 2.4 ± 0.5 2.75 ± 0.2 
AST (µ / l) 37.2 ± 5.2 38.2 ± 4.9 41 ± 2.8 
ALP (µ / l) 132.2 ± 11.9 135.6 ± 14.3 135.7 ± 18.9 
LDH (µ / l) 1351.2 ± 99.4 1086 ± 66.87 1932 ± 66.5 
  
mean ± std. Error mean ± std. Error mean ± std. Error 
HCT (%) 20 ± 0.4 19.4 ± 0.5  21.7 ± 0.4 
Hb(g/100ml) 4.4 ± 0.2 5 ± 0.1 5 ± 0.4 
MCV (m) 0.0001 ± 0.000004  0.0001 ± 0.000002  0.0001 ± 0.000001 
MCH (pg) 0.00002 ± 0.000002  0.00003 ± 0.0000008 0.00004 ± 0.0000008 
MCHC (%) 20.3 ± 0.8 20.5 ± 0.6  23 ± 0.4 
WBC (/mm) 1270 ± 81.5  3060 ± 180.5  2513 32.5 
RBC(10 mm) 1.48 ± 0.03 * 1.5 ± 0.1  2.1 ± 0.08 
Hetrophil(%) 16.6 ± 0.6  20.2 ± 0.6  15 ± 0.4 
Neutrophil(%) 15.2 ± 0.3  3.2 ± 0.3  6.2 ± 0.4 
Lymphocyte(%) 64.2 ± 0.5  75.2 ± 0.8  74.7 ± 0.4 
Myellocyte(%) 2.2 ± 0.2  1.4 ± 0.2  3.7 ± 0.2 
Monocyte(%) 1 ± 0.4 0 0 
ALT (µ / l) 7.6 ± 0.5  11.4 ± 0.5  13 ± 0.4 
AST (µ / l) 59.4 ± 1.5  96.8 ± 3  78.5 ± 1.5 
ALP (µ / l) 155.6 ± 4.9  206.2 ± 7.1  256.7 ± 4.69
LDH (µ / l) 1417.6 ± 57.5  2388.4 ± 92.9  2389 ± 56.3 
 mean ± std. Error mean ± std. Error mean ± std. Error 
HCT (%) 14 ± 1.04  17.2 ± 0.58 17.75 ± 0.47 
Hb(g/100ml) 4.4 ± 0.24 4.6 ± 0.4 5.5 ± 0.28 
MCV (m) 0.00009 ± 0.000002 0.0001 ± 0.000003 0.0001 ± 
0.000003 
MCH (pg) 0.00003 ± 0.0000008 0.00004 ± 0.000001 0.00004 ± 
0.0000007 
MCHC (%) 27.5 ± 1.5 27.08 ± 0.6  23.7 ± 0.4 
WBC (/mm) 1858 ± 30.2  2750 ± 143.1  2412.5 ± 65.7 
RBC(10 mm) 1.36 ± 0.05  1.7 ± 0.1 1.8 ± 0.06 
Hetrophil(%) 19.8 ± 1.3  26.8 ± 1.3  16.2 ± 0.4 
Neutrophil(%) 12.8 ± 1.01  4.8 ± 0.3  68 ± 1.7 
Lymphocyte(%) 67.2 ± 0.9  68 ± 1.7  76.5 ± 0.64 
Myellocyte(%) 0.4 ± 0.4  0.4 ± 0.4  3 ± 0.4 
Monocyte(%) 0 0 0 
ALT (µ / l) 10 ± 0.7  13.2 ± 0.6  13 ± 0.4 
AST (µ / l) 88.6 ± 3.6  53.2 ± 5  113.7 ± 3.2 
ALP (µ / l) 144.2 ± 4.16 127.4 ± 6.3  149.5 ± 2.6 
LDH (µ / l) 1188 ± 27.9  1456 ± 50.4  1222 ± 40 
  
1 365.71 ± 45.71 * 16  ± 2.4 30  ± 4.4 
7 373.3  ± 53.3 * 213.33  ± 53.33 10  ± 0 
14 480  ± 53.3 * 20  ± 2.8 25  ± 5 
21 256  ± 39.1 * 48  ± 8 * 15  ± 5 
28 384  ± 64 * 48  ± 8 * 15  ± 5 
 1 6.7 ±  0.18 8.7  ± 0.36 4.9  ± 1.1 
7 7.1  ± 0.12 9.7  ± 0.15 5.5  ± 4.3 
14 10.28  ± 0.36 13.06  ± 0.42 5.5  ± 1.8 
21 9.3  ± 0.15 12.25  ± 0.18 7.2  ± 5.2 
28 7.1  ± 0.12 8.8  ± 0.05 5.6  ± 2.4 
1 7.2  ± 0.28 10.32  ± 0.56 5.8  ± 1.7 
7 8.2  ± 0.1 10.6  ± 0.5 6.05  ± 4.9 
14 8.4  ± 0.05 9.08  ± 5.8 7.2  ± 1.1 
21 8.2  ± 0.09 13.9  ± 0.51 7.9  ± 5.9 
28 7.8  ± 0.1 10.2  ± 0.1 6.3  ± 2.8 
1 16.5  ± 0.64 22.7  ± 0.91 10.9  ± 3.7 
7 17.9  ± 0.17 24.5  ± 0.76 13.5  ± 11.5 
14 18.6  ± 0.4 * 23.9  ± 0.57 * 14.7  ± 0.63 
21 18.7  ± 0.25 21.6  ± 0.4 15.6  ± 7.6 
28 17.02  ± 0.08 22.7  ± 0.2 15.6  ± 7.4 
* : Significant at P < 0.05          
 
CLRPAZ SCL CLRPAZ SCL CLRPAZ SCL 
1 199.38 ± 0.06  190.37 ± 0.07  
203.32 ± 
0.06  200.31 ± 0.06 187.72 ± 5.4 186.88 ± 4.2 
7 210.23 ± 0.02  208.16 ± 0.02  218.3 ± 0.05 213.1 ± 0.02  192.3 ± 7.03 190.5 ± 6.1 
14 221.01 ± 1.2 
* 
212.15 ± 0.06 
* 
229.9 ± 0.07 
* 
215.29 ± 0.08 
* 
200.23 ± 
0.06  
197.32 ± 
0.05 
21 215.36 ± 0.06  212.3 ± 0.06  218.3 ± 0.32 217.7 ± 0.36  197.46 ± 5.6 194.8 ± 7.4 
 (mg/L)
 (mg/L)
(mg/L)
 (mg/L)
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